Introduction
============

Asthma is common among pregnant women with reported prevalence rates of up to 12%, although with wide variation.[@b1-jaa-6-117],[@b2-jaa-6-117] Asthma, therefore, represents one of the most common medical conditions with potentially serious effects on pregnancy outcomes.[@b3-jaa-6-117] However, ethical considerations have, for obvious reasons, limited the types of studies that have been possible to conduct. Double-blind, placebo-controlled studies are, in general, unethical in pregnant women, and this makes it difficult to control variables and isolate specific therapeutic effects.[@b4-jaa-6-117] This calls for creative thinking in the planning of research in this area, instead of using more traditional and rigid study designs.

Management of asthma during pregnancy is not without difficulties, as both the potential detrimental effects of the disease and the possible adverse effects of the treatment on both the patient and the developing fetus must be taken into consideration.[@b1-jaa-6-117],[@b2-jaa-6-117] This only adds to the importance of health professionals being able to make weighted decisions based on sufficient knowledge of the efficacy and safety of the available treatment options for asthma, as well as of the possible consequences of inadequate treatment, which may potentially cause severe episodes of uncontrolled asthma.

The primary aim of this review is to provide an update on available evidence of the efficacy and safety of asthma medications, primarily bronchodilators and corticosteroids, used during pregnancy in relation to pregnancy outcome.

Methods
=======

A planned series of systematic searches was conducted by both authors (last updated September 2013) using the PubMed database. The intention was to capture all results relevant to asthma and pregnancy and, afterwards, to filter out the articles falling outside the scope of the present review. The medical subject heading (MeSH) terms asthma, asthma-like symptoms, asthma severity, airway hyperresponsiveness, airway inflammation, anti-asthma medication, asthma control, asthma management, asthma medication, bronchodilators, β~2~-agonists, long-acting bronchodilators, short-acting bronchodilators, inhaled corticosteroids, asthma controller medication, systemic corticosteroids, and oral corticosteroids were searched in combination with the terms birth weight, congenital abnormalities, birth defects, fetal weight, intra-uterine growth, premature birth, preterm birth, pregnant, pregnancy, gestational age, prematurity, congenital malformations, fetal growth, and perinatal outcome.

A total of 138 potentially relevant articles were identified, and all of these papers were evaluated for possible inclusion in this review. All studies specifically reporting observations related to the effect of asthma medications on pregnancy outcome were reviewed, as well as papers reporting non-significant observations. Articles were included in the present review provided they fulfilled the following criteria: 1) original research; 2) addressing, at least to some extent, the distinction between effects of asthma medication and effects of asthma; 3) objective assessment, including, for example, the number and type of prescribed therapy, of asthma severity; and 4) published since 1980. Non-English papers were excluded. This review was performed in accordance with the PRISMA (Preferres Reporting Items for Systematic reviews and Meta-Analysis)-guidelines, but due to the relatively limited number of studies, and in part due to the diversity in study design, a formal meta-analysis was not performed.

Results
=======

A total of 38 papers fulfilled the inclusion criteria and were, therefore, included in the present review ([Figure 1](#f1-jaa-6-117){ref-type="fig"}).

Safety of short-acting β~2~-agonists
------------------------------------

The use of short-acting β~2~-agonists for immediate relief of asthma symptoms during pregnancy is generally regarded as being safe.[@b3-jaa-6-117]--[@b5-jaa-6-117]

In 2005, Bakhireva et al reported from a case-control study comprising 103 cases and 3,030 matched controls that the use of inhaled short-acting β~2~-agonists during pregnancy is not associated with an increased risk of low birth weight; odds ratio (OR) 0.57 (95% confidence interval \[CI\] 0.16--2.12).[@b6-jaa-6-117] Severity of asthma was graded according to the level of asthma therapy, and asthma control was assessed on the basis of symptoms reported in regular telephone interviews with the enrolled pregnant women with asthma.[@b6-jaa-6-117]

In a Canadian cohort study from 2011, Eltonsy et al[@b7-jaa-6-117] investigated the possible association between exposure to short-acting β~2~-agonists in the first trimester of pregnancy and the risk for congenital malformations among women with asthma. The patients were recruited from individuals covered by a public drug insurance plan. Severity and control of asthma before pregnancy were assessed according to national guidelines, and during the first trimester of pregnancy based on administered daily dose of inhaled corticosteroid (if any), use of other asthma medication, unscheduled health care visits, and use of oral corticosteroids. A total of 13,117 pregnancies were included in the study and 1,242 infants with "any" and 762 infants with "major" malformations, respectively, were identified. The authors observed no association between first trimester use of short-acting β~2~-agonist and congenital malformations; the adjusted ORs being 1.04 (95% CI: 0.92--1.17) and 0.93 (95% CI: 0.80--1.08), respectively.[@b7-jaa-6-117]

In line with this, a cohort study by Schatz et al[@b8-jaa-6-117] from 2004, comprising 1,828 pregnant women, recruited from a multicenter surveillance network, who used β~2~-agonists found no association with adverse perinatal outcomes defined as low birth weight, small gestational age, or major congenital malformations. Importantly, this study sought to stratify informants according to several parameters, including asthma severity, which was classified as mild, moderate, or severe, based on a combination of level of lung function, symptom frequency, use of asthma medication, and unscheduled health care visits.[@b8-jaa-6-117]

However, in contrast to the abovementioned studies, some studies have reported conflicting results. From a population-based case-control study, where disease severity was assessed only on the basis of medication use, published in 2009, Lin et al reported a small increase in risk of congenital heart defects when considering only unspecified bronchodilator use with an OR of 2.20 (95% CI: 1.05--4.61) in a sample of 22 cases and 22 controls.[@b9-jaa-6-117]

In a further case-control study including 381 infants born with gastroschisis and 4,121 infants born without malformations Lin et al[@b10-jaa-6-117] reported an association between the presence of gastroschisis and use of bronchodilators during the period of conception (1-month pre-pregnancy until the end of first trimester). A total of 113 women used a short-acting β~2~-agonist, a long-acting β~2~-agonist or both. Seventy-one percent of the cases and 89% of the controls used the short-acting β~2~-agonist albuterol (salbutamol). The reported OR of 2.06 (95% CI: 1.19--3.59) reflects the combined risk of using inhaled β~2~-agonists. Of notice in relation to this study is that asthma severity could only be evaluated on the basis of used asthma medication, and by that information on asthma control was not reported and, therefore, the adverse outcomes may also have been the result of poor asthma control, including insufficient use of controller medication.[@b10-jaa-6-117]

Finally, a 2011 case-control study by Munsie et al[@b11-jaa-6-117] comprising, by way of self-reporting in standardized interviews, 2,711 infants born with oro-facial cleft and 6,482 infants born without malformations, also reported an association between bronchodilator use in the period around conception and the congenital malformation. The total sample of bronchodilator users comprised 247; ie, 89 cases and 158 controls, respectively. The analysis revealed a statistically significant association between bronchodilator use and cleft lip (adjusted OR 1.77 \[95% CI: 1.08--2.88\]), whereas the association was non-significant for cleft palate (adjusted OR 1.53 \[95% CI: 0.99--2.37\]). The majority (88.7%) of the women reported using albuterol (salbutamol), and the use of this short-acting β~2~-agonist alone was shown to be significantly associated with cleft lip (adjusted OR 1.79 \[95% CI: 1.07--2.99\] and also cleft palate (adjusted OR 1.65 \[95% CI: 1.06--−2.58\]). A total of 18 and 25 cases, respectively, and 101 controls were included in analysis addressing potential risk of albuterol (salbutamol). Similar to the abovementioned studies, information on asthma control was not reported, and disease severity could only by assessed on the basis of types of asthma medications used.[@b11-jaa-6-117]

Based on the available evidence, the use of short-acting β~2~-agonists during pregnancy for relief of acute asthma symptoms appears to be safe.

### Safety of long-acting β~2~-agonists

The safety of long-acting β~2~-agonists used as add-on to inhaled corticosteroids in pregnant women remains to be firmly established,[@b2-jaa-6-117],[@b4-jaa-6-117],[@b12-jaa-6-117] although several previous studies found no statistically significant association with congenital malformations.[@b5-jaa-6-117],[@b7-jaa-6-117]

The abovementioned 2011 cohort study by Eltonsy et al[@b7-jaa-6-117] suggested that use of long-acting β~2~-agonists may carry an increased risk of congenital malformations, although the findings were not statistically significant with an adjusted OR 1.37 (95% CI: 0.92--2.17) for any malformations and OR 1.31 (95% CI: 0.74--2.31) for major malformations.

Furthermore, a small prospective study by Clifton et al[@b13-jaa-6-117] showed that while use of the inhaled glucocorticoid fluticasone propionate alone was associated with normal neonatal birth size, fixed combination therapy with fluticasone propionate and the long-acting β~2~-agonist salmeterol was associated with reduced neonatal birth weight centiles (mean 34.8; SEM \[standard error of the mean\] 9.3; *P*=0.011). However, the total population of asthmatic pregnancies was only n=41 and only nine women were treated with the fixed fluticasone/salmeterol combination; and, furthermore, based on the available information, bias by indication appears to be a possibility, as asthma severity assessment could only be based on prescribed asthma medication.

In a very recent study, Cossette et al[@b14-jaa-6-117] studied the impact of maternal use of asthma-controller medication on risk for low birth weight, preterm birth, and small for gestational age. The severity of asthma in the year before conception was measured with a validated algorithm that categorizes asthma into mild, moderate, or severe. Furthermore, asthma control during pregnancy was assessed by weekly use of rescue bronchodilators, use of oral corticosteroids and whether the women had a hospital admission or an emergency department visit for asthma. The cohort comprised 6,199 women contributing 7,376 pregnancies, of whom 8.8% were exposed to long-acting β~2~-agonists; women treated with long-acting β~2~-agonists without concomitant inhaled corticosteroids were excluded from the study. The authors observed no association between use of long-acting β~2~-agonists and the adverse perinatal outcomes of interest.

The safety of treatment with inhaled long-acting β~2~-agonists during pregnancy needs to be further investigated. However, the available studies suggests that long-acting β~2~-agonists used as add-on to inhaled corticosteroids for pregnant women with more severe asthma are safe, as bias by indication might explain the previously reported adverse effects on pregnancy outcome.

Efficacy and safety of inhaled corticosteroids
----------------------------------------------

Clinical experience and several studies suggest that the use of inhaled corticosteroids (ICS) for asthma control during pregnancy is generally safe and that the risks associated with non-adherence to prescribed ICS pose a much greater threat to perinatal outcome.[@b2-jaa-6-117],[@b5-jaa-6-117],[@b15-jaa-6-117],[@b16-jaa-6-117]

As mentioned above, the number of available controlled trials addressing efficacy and safety of medication used for asthma during pregnancy is extremely limited. However, in a randomized controlled trial, Dombrowski et al[@b17-jaa-6-117] compared the efficacy of inhaled beclomethasone dipropionate to oral theophylline for the prevention of asthma exacerbations requiring medical intervention in pregnant women with moderate asthma. Asthma severity was assessed on the basis of symptoms and treatment; patients regarded as having severe or unstable asthma were excluded from the study. The study revealed no significant difference in the proportion of asthma exacerbations between the two treatment groups, but the beclomethasone treated group was less likely to discontinue treatment due to side effects and have forced expiratory volume (FEV~1~) below 80% predicted at study visits. No significant differences were observed between the groups with regard to treatment failure or compliance; and no significant differences were observed in maternal or perinatal outcomes. The authors, therefore, concluded that the efficacy of ICS was good and, furthermore, that their findings were in favor of ICS for moderate asthma during pregnancy. A total of 4,975 women were assessed for eligibility, of whom 398 fulfilled the inclusion criteria and were randomized, 194 and 191, respectively, completed the study and were included in the analysis. In accordance with the study design, observations regarding the effects of asthma versus effects of asthma medication were not reported.

However, in spite of the reassuring findings regarding the use of low to medium dose ICS, several studies have raised safety concerns with regard to the use of high dose ICS during pregnancy. In a large 2007 cohort study comprising data from 4,561 pregnancies complicated by asthma, Blais et al[@b18-jaa-6-117] observed a non-significant adjusted OR of 1.67 (95% CI: 0.56--5.03) for major congenital malformations after use of high dose ICS during the first trimester of pregnancy (defined as ≥1,000 μg/day beclomethasone \[BDP\] equivalent dose). A malformation was defined as major if life threatening or causing major cosmetic defects, and at least one hospitalization during the first year of life. The analysis was adjusted for confounding factors such as use of other teratogenic medications, smoking, drinking, and other medical conditions.[@b14-jaa-6-117]

Another cohort study, also by Blais et al,[@b19-jaa-6-117] comprising 13,280 pregnancies complicated by asthma, revealed that asthmatic women on high dose ICS (defined as above) had a significantly increased risk of giving birth to a child with a malformation compared to asthmatic women treated with a lower dose of ICS, the adjusted odds ratio being 1.63 (95% CI: 1.02--2.60).[@b19-jaa-6-117]

Finally, a previously published cohort study comprising 13,004 pregnancies by Breton et al[@b20-jaa-6-117] showed a non-significant increase in risk of perinatal mortality (adjusted OR 1.52 \[95% CI: 0.62--3.76\]) in women treated with ≥250 μg/day BDP equivalent dose of ICS during pregnancy; probably at least partly reflecting that the study had low power (24%) to detect a difference in the outcome of interest. Data on socioeconomic status, concomitant medical conditions, and use of other asthma medications were included in the analysis as confounding factors.

In the abovementioned study by Cossette et al,[@b14-jaa-6-117] the possible association was also studied between exposure to inhaled corticosteroids during pregnancy and adverse perinatal outcome; ie, low birth weight, preterm birth, and small for gestational age. Exposure to ICS during pregnancy was documented for 56.9% of the 7,376 pregnancies included in the analysis. No association was observed between low-dose ICS and the outcomes of interest, whereas a non-significant increasing trend in the prevalence of all three outcomes was observed with increasing doses of ICS \>200 μg BDP equivalent per day (ie, \>125 μg/day of fluticasone).

Low to middle dose inhaled corticosteroid as controller therapy for asthma during pregnancy is generally safe, whereas the safety, and similar to observations in non-pregnant patients with asthma probably also the efficacy, of high-dose inhaled corticosteroid during pregnancy should be further investigated.

Safety of systemic corticosteroid use in pregnancy
--------------------------------------------------

For pregnant patients with asthma, just like in non-pregnant patients, systemic corticosteroids are used only for treatment of acute exacerbations of asthma or as the last resort in cases with difficult to control severe asthma,[@b12-jaa-6-117] and systemic corticosteroids are, therefore, almost always prescribed in combination with ICS with or without long-acting β~2~-agonists.[@b21-jaa-6-117]

Several studies have pointed to the adverse effects of systemic corticosteroid therapy on perinatal outcome, but these findings should, however, be balanced against the importance of controlling severe and/or exacerbated asthma.[@b6-jaa-6-117],[@b8-jaa-6-117],[@b22-jaa-6-117]--[@b25-jaa-6-117]

Schatz et al[@b22-jaa-6-117] assessed the safety of β~2~-agonists, theophylline, sodium cromoglycate, corticosteroids, anti-histamines, and decongestants in a prospective cohort study comprising 824 asthmatic and 678 non-asthmatic pregnant women. Only prescription of oral corticosteroids was found to be associated with a significant increase in risk of pre-eclampsia (OR 2.0 \[95% CI: 1.11--3.61\]) after adjusting for the effects of several confounding factors, but not stratified for asthma severity.[@b21-jaa-6-117] In keeping with this, Martel et al[@b23-jaa-6-117] have previously from a nested case-control study reported an increased risk for pregnancy-induced hypertension and pre-eclampsia in women treated with oral corticosteroids during pregnancy.

In contrast to this, Bracken et al[@b24-jaa-6-117] performed a prospective cohort study of 873 pregnant women with a history of asthma and 1,333 pregnant women with no history of asthma, where they sought to classify patients according to asthma symptoms (frequency), asthma medication use, and asthma severity (intermittent/mild, persistent/moderate, persistent/severe, persistent). Severity and frequency of symptoms were not significantly associated with an increased risk of preterm delivery. However, the use of oral corticosteroids was found to be associated with an increased risk of preterm delivery (OR 3.37 \[95% CI: 1.66--6.86\]); the mean reduction in gestational age being 2.22 weeks.[@b24-jaa-6-117]

In the abovementioned study by Schatz et al,[@b8-jaa-6-117] the use of oral corticosteroids was found to be significantly associated with an increased risk of preterm birth (OR 1.54 \[95% CI: 1.02--2.33\]) and, furthermore, also an increased risk of birth weight \<2,500 g with an OR of 1.80 (95% CI: 1.13--2.88). Importantly, this study tried to adjust for demographic parameters and asthma severity by using a classification into mild, moderate, and severe cases.[@b8-jaa-6-117]

Furthermore, the previously mentioned study by Bakhireva et al[@b6-jaa-6-117] showed that use of systemic corticosteroids was associated with a birth weight on average 200 g lower than in the control group without asthma (*P*\<0.01).[@b6-jaa-6-117]

In 2012, Murphy et al[@b25-jaa-6-117] published an analysis of a double-blind randomized controlled trial of antenatal corticosteroid use for fetal lung development in women in perceived risk of preterm birth revealing findings of interest for the current review, although as a non-asthma study it did not fulfill our inclusion criteria. A total of 1,858 women giving birth to 2,304 children were included in the analysis. Compared to placebo, infants exposed to corticosteroids were born earlier (−0.43 weeks, 95% CI: −0.10 to −0.75; *P*=0.01) and infants exposed to multiple courses of antenatal corticosteroids had decreased birth weight (−33.50 g, 95% CI: −66.27 to −0.73; *P*\<0.05), length (−0.34 cm, 95% CI: −0.62 to −0.06; *P*=0.02), and head circumference (−0.30 cm, 95% CI: −0.46 to −0.14; *P*\<0.001). A dose-response relation was also found, as an increase in exposure produced a trend towards an increase in these adverse outcomes. Importantly, the study controlled for gestational age as a confounding factor.[@b25-jaa-6-117]

Studies published so far addressing the possible association between treatment with systemic corticosteroids and pregnancy outcome have reported associations between systemic steroid exposure and adverse pregnancy outcomes, including low birth weight, pre-term birth, and pre-eclampsia.

The effects of asthma alone versus the effects of asthma medication
-------------------------------------------------------------------

Many studies have reported associations between asthma and asthma medications, and on the other hand adverse perinatal outcomes, but most often the attempts and/or ability to separate the two causalities in the available studies have been at best vague. However, a few recent studies have actively sought to or, perhaps, by chance succeeded in making this distinction.

In a 2008 study which sought to separate the adverse effect of systemic corticosteroids from the effect of asthma exacerbations, Blais and Forget[@b26-jaa-6-117] performed an analysis excluding pregnant women with asthma on maintenance treatment with systemic corticosteroids in the year before conception; asthma severity in women eligible for inclusion in the study were assessed on the basis of prescribed asthma medication and unscheduled health care contacts for asthma in the pre-pregnancy period. From this group of women (n=4,344) they reported that those who experienced an exacerbation, defined as a filled prescription of oral corticosteroids, an emergency department visit for asthma, or a hospitalization for asthma, were twice as likely to give birth to a child with a major malformation than those who did not experience an exacerbation of asthma during pregnancy.[@b26-jaa-6-117]

In keeping with this, Lao and Huengsburg[@b27-jaa-6-117] found, in a retrospective study of 87 singleton pregnancies compared to a group of controls, an increased incidence of low birth weight in children born by mothers with asthma, but the incidence was primarily increased in pregnancies with asthma that had not required the use of bronchodilator therapy, or at least in which this possibility of reliever therapy had not been used. In short, children born by mothers with mild but untreated asthma had lower birth weight than children born to women with more severe but treated asthma.[@b27-jaa-6-117] It may be speculated that the women without prescriptions for asthma medication did in fact have asthma which justified medical treatment.

Also, Olesen et al[@b28-jaa-6-117] observed in a population-based prescription study comprising 303 pregnant women with asthma that infants born to women who received prescriptions for asthma medications during pregnancy had birth weights and birth lengths within the expected limits. However, concurrently they observed that women who reduced the intensity of their asthma treatment during pregnancy gave birth to low birth weight (−116.9 g; 95% CI: −217.8 to −15.9, compared to increase in therapy, −155.7 g; 95% CI: −314.5 to 3.1) and short birth length children (compared to reference, −0.8 cm; 95% CI: −1.2 to −0.3, compared to increase in therapy, −0.8 cm; 95% CI: −1.6 to −0.1).[@b28-jaa-6-117]

Based on the available studies, it seems difficult to draw valid conclusions with regard to effect of asthma per se and asthma medication on pregnancy, but overall it appears that the impact of asthma, especially poorly controlled asthma, on risk for adverse pregnancy outcome is more pronounced than the effect of asthma medication.

Discussion
==========

Use of short-acting β~2~-agonists appears to be safe, but the safety of long-acting β~2~-agonists remains to be completely established, although a very recent study is reassuring.[@b14-jaa-6-117] ICS are generally safe, but more research is needed to investigate the safety of high dose therapy (defined as \>1,000 μg of beclomethasone equivalent daily). And, finally, studies have reported associations between the use of systemic corticosteroids and adverse perinatal outcomes, such as preterm birth, low birth weight, and pre-eclampsia.

Many of the currently unsolved problems related to asthma in pregnancy, including the ones presented in the present review, regard the obstacle of disentangling the effect of asthma alone from the effect of asthma medications.[@b4-jaa-6-117],[@b24-jaa-6-117] Studies that report a lack of ability to distinguish between these causalities include results ranging from increased prevalence of Cesarean section,[@b4-jaa-6-117] pre-eclampsia, infant hypoglycemia,[@b29-jaa-6-117],[@b30-jaa-6-117] gestational diabetes, post-term delivery,[@b29-jaa-6-117] pre-term delivery,[@b8-jaa-6-117] and malformations.[@b9-jaa-6-117],[@b31-jaa-6-117]--[@b33-jaa-6-117]

While the study by Olesen et al[@b28-jaa-6-117] lends more support to the safety of at least some asthma medications, it indicates that asthma which is subjectively perceived as not being severe enough to demand continued treatment may still be severe enough to cause adverse perinatal outcomes. Another possibility is that the women who decided to decrease or even discontinue treatment did so out of fear for the potential harm of asthma medications, perhaps even ignoring asthma symptoms. In support of this statement, several studies have shown that pregnant patients with asthma often feel poorly supported by health care providers in managing asthma during pregnancy in spite of personal concerns about adverse outcomes.[@b34-jaa-6-117] Perhaps as a consequence, many report non-adherence to prescribed anti-asthmatic drugs, insufficient knowledge of both the effects and risk of the medication,[@b35-jaa-6-117] over-estimation of teratogenic effects,[@b36-jaa-6-117] and hesitation to use medication even when symptoms worsen.[@b37-jaa-6-117] These results suggest that there is a widespread need for and a great potential in more affirmative action and education targeted at pregnant asthmatics. This may hitherto, at least partly and most probably with varying degrees according to the specific health care system, have been inhibited by a lack of confidence and/or knowledge among health care professionals.[@b38-jaa-6-117] As an example, in 2011 McCallister et al found that a population of pregnant women visiting the emergency department with acute exacerbations of asthma were less likely to receive appropriate treatment with systemic corticosteroids.[@b39-jaa-6-117] This is in spite of the many studies that have confirmed the crucial importance of efficient asthma control in pregnancy.

The not fully answered questions especially regarding long-acting β~2~-agonists and high doses of inhaled corticosteroids warrant further research, but it must again be noted that these types of therapy are all directed at controlling moderate to severe asthma which in itself poses a big threat to perinatal outcome. It has already been found that spirometry provides a better prediction of perinatal outcome than a measurement of asthma symptoms alone[@b40-jaa-6-117] and more research linking objective measurements of asthma severity to perinatal outcome is needed so as to cast light on the effect of uncontrolled asthma and asthma exacerbations, potentially leading to maternal hypoxia, on the fetus.

Short-acting β~2~-agonists have generally been established as safe, and studies producing conflicting results have lacked strength either due to small sample sizes or lack of adjustment for asthma severity. This does not rule out that specific risks exist, and further research is warranted, but in light of stratified risk assessments based on larger samples in consideration of asthma severity and use of other asthma medications. The studies reporting adverse results described here failed to do so.

The safety of long-acting β~2~-agonists as add-on controller therapy for patients with moderate to severe asthma has been much debated, also in non-pregnant patients with asthma.[@b41-jaa-6-117] Although several studies in non-pregnant patients with asthma have documented the beneficial effect of add-on long-acting β~2~-agonists to ICS on asthma control,[@b42-jaa-6-117] there is a scarcity of research focusing on safety aspects of the use of long-acting β~2~-agonists, and the available recent studies have produced results that raise some concerns that should be addressed.[@b41-jaa-6-117],[@b43-jaa-6-117] These drugs are usually prescribed for women with more severe asthma, and the studies described here have also utilized data from such context; where asthma severity again may act as an important confounder and the use of long-acting β~2~-agonists may in itself merely be an indicator of more severe asthma.

Although some studies have produced results that give some reason for concern regarding the use of high doses of ICS and possible teratogenic effects, some weaknesses and general considerations also apply to these studies, as best described by Blais et al,[@b19-jaa-6-117] as they stated that high doses of ICS are known to have systemic effects, and systemic corticosteroids are known to have adverse effects in pregnancy.[@b19-jaa-6-117] However, women using high doses of ICS are characterized by more severe and more poorly controlled asthma with greater risk of acute exacerbations and poorly controlled asthma and exacerbations in asthma are known as the overall greatest dangers to perinatal outcome.[@b19-jaa-6-117]

As for other types of medication, only analyses outside the context of multi-drug therapy will reveal the objective effects of systemic corticosteroids as an isolated treatment, as it is not yet clear if the risk is the medication, the combination of multiple drugs, or the severity of the disease. Another suggestion which has been made,[@b6-jaa-6-117] and which needs further research, is the possibility that women who make a claim for systemic corticosteroids share a hidden pathogenetic confounder which affects perinatal outcome. Confounding by severity is stronger in studies of systemic corticosteroids than in the studies of other types of asthma medications, which makes this type of direct study particularly challenging. Some interesting results have been produced by addressing the problem less directly and looking at exacerbations in women without a prescription for systemic corticosteroids.[@b2-jaa-6-117],[@b3-jaa-6-117] However, this strategy may not be applied easily to study the effects of persistent severe asthma as women in this category are more likely to make use of the drug.

Studies that have succeeded in separating the effects of asthma from the effects of asthma medication all point to the possible detrimental effects on perinatal outcome of asthma alone; including even mild manifestations of the disease.[@b28-jaa-6-117] There is, however, a lack of studies addressing this question, and also a great need for developing intelligent study designs for that purpose. The study of effects of any medications in pregnant women entails some ethical considerations that require inventing unorthodox methodological approaches to the subject, but this has so far been very much neglected in the study of asthma medications.

Assessing the effect and safety of multi-drug asthma therapies is challenging because most treatment of moderate and severe asthma is based on this type of therapy.[@b21-jaa-6-117] Thus, the group of patients receiving multi-drug therapy is a group already greatly affected by the potential severity of asthma alone. It remains, nonetheless, to be firmly established if there are possible negative consequences for perinatal outcome from this type of therapy in pregnant women. The indication of a possible association between fluticasone/salmeterol combination therapy and reduced birth weight[@b13-jaa-6-117] seems to have been much of a chance finding, and in itself this calls for more systematic research.

In summary, the primary motivations for more and improved research in asthma generally and asthma in pregnancy specifically must be both the high prevalence and the potential severity of the condition. Only one manifestation of asthma in a pregnant woman may potentially adversely affect the whole life of the yet unborn child.
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